Rift Valley fever virus isolates from the 1977 outbreak in Egypt were studied at an ultrastructural level. The particles measured 90 to 11o nm in diam. using negative staining and sectioning techniques, with a core component of 8o to 85 nm. The surface of the virions was calculated to be covered by approx. 16o sub-units. The particles were found in smooth endoplasmic reticular systems, which were made up of either multi-tubular complexes, or of a single large vacuole. The majority of these membrane systems were found to be unassociated with Golgi apparatus. Inclusion bodies were found within the host cell nuclei (made up of rods and fine granules) and in the cytoplasm (aggregates of fine or coarse granules). The possible relationship of these structures to virus replication is discussed.
INTRODUCTION
Rift Valley fever virus was first isolated by Daubney & Hudson (I932) following an outbreak of 'enzootic hepatitis' in cattle near Naivasha in the Rift Valley of Kenya (Daubney et al. I931) . Since then large epizootics have occurred particularly in Kenya and South Africa (Weiss, 1957) and serological evidence suggests that the virus has been active over large areas of eastern and central Africa. A variety of mosquito species have been implicated in the transmission of the virus.
Rift Valley fever is primarily a disease of domestic animals characterized by abortion in pregnant sheep, cows and goats, and an exceptionally high mortality in young Iambs and calves. Man is usually infected secondarily through direct contact with diseased animals. The epizootic in South Africa in I95o to I951 caused Iooooo deaths in cattle and sheep and it is estimated that there were 2oooo human infections but no human deaths (Weiss, I957) . In another huge epizootic in South Africa in t 974 to I975 a large number of human infections occurred and several were fatal (van Velden et al. I977) . A large epizootie was reported in Kosti district, Sudan, in I973 (Elisa et al. 1977 ) and the disease is thought to have been active subsequently in northern Sudan. In the second half of I977 an enormous epizootic swept along the Nile Valley of Egypt; after a lull during the winter months the disease is again active in I978. A large number of human infections occurred and more than 9o deaths have been reported (Abdel Wahab et al. 1978) .
During the Egyptian outbreak several isolations of Rift Valley fever virus were obtained from acutely ill patients and from human post-mortem material (Abdel Wahab et al. I978) and several of these isolates are studied here. 
Procedures
Specimens/or negative staining were spun for 2 h at 15ooo g and the resulting pellet resuspended in two drops of distilled water. A drop of this solution was placed on a carboncoated grid, dried with the edge of a piece of filter paper and then covered with a drop of 2 % phosphotungstic acid at pH 6.o, re-dried and examined in an AEI EM8o~ electronmicroscope.
Specimens for embedding and sectioning were cut into I mm cubes, where necessary, transferred to fresh 3 % glutaraldehyde in o.I M-cacodylate buffer, pH 7"4, containing o'1% CaCI2 and left overnight. Materials were then washed in o-~ M-cacodylate/o-2 M-sucrose buffer, pH 7"4, four times during 12 h, and post-fixed for 2 h in ~ % osmium tetroxide in the cacodylate buffer. Washing was done with the cacodylate/sucrose buffer followed by distilled water for 2 h and dehydration achieved using graded methanols, with the material remaining for 3o rain in 3 % uranyl acetate in 3o % methanol. The specimens were embedded in Fluka araldite via propylene oxide and cut on a Huxley Cambridge Automatic ultramicrotome, the resulting sections being lead-stained before viewing.
RESULTS

Negative staining
No particles could be identified in the human serum samples. A few particles were found in Vero cell culture supernatants but the majority were found in two of the five sera from infected mice. In spite of the long fixation prior to negative staining, most particles were found on examination to be deformed and damaged, though some ( Fig. I) were preserved, apparently within fragments of their host's membrane systems.
Surface sub-units can be seen in Fig. 2 and 3 and more clearly, in profile, in Fig. 4 , where 2i may be counted (two units are arrowed). If the Rift Valley fever particle is formed of regularly arranged sub-units on its surface similar to those found in Uukuniemi virions (von Bonsdorff & Petterssen, 1975) , these 2I surface units seen on its equator would give a total of about I6O over the whole surface. Intact particles varied in diam. from ~ Io to 9o nm, 
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333 with the internal component reaching about 8o nm. The sub-units such as seen in Fig. 3 and 4 appear to project 5 to 8 nm from the main body of the virion.
Sectioned material
Particles were found in Vero cells and in all five livers and one spleen of the infected mice. No particles were found in the other specimens and the human post mortem material had undergone too much autolysis before fixation to provide any information. The particles found had a diam. of up to IO8 nm with the central component reaching 85 ram. The infected livers contained many extravasated red cells and monocytes. Many of the hepatic cells were disorganized, with swollen and disintegrating mitochondria (Fig. 1 I) . Although few liver cells were found to contain particles, the nuclei of many were found to be considerably altered (Fig. 5) . These nuclei contained rod or fibre-like structures (Fig. 5 and 6 ), often with large amounts of granular material which was seen on occasion to have burst out of the nuclear envelope (Fig. 6) .
Cytoplasmic inclusion bodies were common and were of two forms, made up of either fine (B2) or coarse (B~) material as shown in Fig. 5 . This fine material appeared indistinguishable from that found within some of the nuclei.
Particles were found almost exclusively within membrane bound systems. Some were within large vacuoles (Fig. 7) , others within narrow' tubes' of smooth endoplasmic reticulum ( Fig. 8 and 9 )-Only a few (Fig. I I) were found free within the cytoplasm unassociated with membranes. Some were seen lying within identifiable Golgi apparati, but the majority appeared to be within quite separate membrane systems. Many particles (Fig. I I) appeared to be pushing out of the containing membranes. Some lying just outside these membranes ( Fig. 9 and I o) appeared to have acquired an external membrane.
DISCUSSION
Rift Valley fever virus is a member of the Bunyaviridae family. According to Obijeski & Murphy (I977) , bunyavirus particles are homogeneous in appearance and each has a unit membrane envelope with fine irregular surface projections. Von Bonsdorff & Pettersson (I975) have suggested that the surface projections are more ordered and form a pentonhexon cluster arranged in an icosahedral lattice. This arrangement has not been conclusively observed in other bunyaviruses but we based our calculation of the number of surface units in Rift Valley fever virus particles on the method of yon Bonsdorff & Petterssen (1975) assuming a regular arrangement. Surface units have also been observed recently in another bunyavirus, Crimean haemorrhagic fever virus (Donets et al. 1977) but no attempt was made to calculate this arrangement.
A detailed account of the histological changes in the livers of mice and domestic animals infected with Rift Valley fever virus was given by Findlay 093I). Mims 0957) found that within I h of inoculating a large dose of Rift Valley fever virus in mice, many liver nuclei exhibited changes and all nuclei had become swollen and their chromatin further coarsened and marginated within 2 h. Intranuclear inclusions were visible by 3 h. Later, nuclei ruptured, the cytoplasm broke down and red blood corpuscles occupied the empty spaces. The eosinophilic intranuclear inclusion bodies seen in liver cells have been described in a variety of animals by Findlay (I93I). McGavran & Easterday (1963) using immunofluorescence and electron microscopy could not find any correlation between these intranuclear inclusions and the mature virus particles and thought they may have represented a degenerative phenomenon. In contrast we found evidence that the intranuclear inclusions were virus associated. Fig. 7, 8 . Sections from infected mouse hepatocytes. Fig. 7 . Particles within a single membrane bound vacuole. 
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335 Fig. 9 to 1 I. Similar material to Fig. 7 and 8 . Fig. 9 . Particles lying in rows within narrow membrane systems. The arrowed particles are enlarged in Fig. Io.  Fig. IO . The lower particle appears to have acquired its own outer membrane, and is no longer within the membrane systems containing the other particles shown in Fig. 9 . Fig. I I. Particles within a loose membrane system (cf. Fig. to) , several of which appear to be pushing outwards and distorting the membrane (thick arrows). The thin arrows mark two rare particles apparently not associated with any membranes. A swollen mitochondrion (M) is typical of these infected hepatocytes.
Support for this suggestion has come recently from Swanepoel & Blackburn (I977) . These authors, using immunofluorescence and electron microscopy, found that rod-like nuclear inclusion bodies similar to ours were antigenically related to Rift Valley fever particles and independent of host DNA. ' McGavran & Easterday (1963) also suggested that new virus is formed in the cytoplasm within a membrane-limited system resembling the Golgi apparatus. Murphy et al. (1973) found large numbers of Rift Valley fever virions in Golgi and reticulum organelles associated with intensive cell damage. All these pathological changes were clearly illustrated in our material and the size range of the particles (9o to t lO nm) accorded with that found by previous workers (Murphy et al. I973; Lecatsas & Weiss, 1968; McGavran & Easterday, 1963) .
Although we found particles in association with recognizable Golgi-type areas in hepatocytes, the majority of virions appeared to be within quite separate smooth endoplasmic reticular systems. These latter were made up of either a single large vacuole (as for example in Fig. 7) or of a complex of multiple tube-like structures (Fig. 9) Two further observations were of interest; the possibility of an outer membrane being derived from host membrane; and the significance (if any) that the nuclear changes might have for virus replication. Fig. 9 and lO show virus particles apparently surrounded by an outer membrane and no longer within a host membrane system. Although this might be fixation shrinkage of membrane over virion rather than a budding process it is still possible that these have passed out of the smooth membranes within which they were formed and acquired their coat from this host membrane. While this seems reasonable, an alternative explanation might be that the particles shown as coated might have been sectioned while still within the tight membrane ' tube', cut exactly perpendicular to the latter's axis, If this was the case, then the coat would be merely the fortuitously apposed host cell membrane system. However, the way in which other virions (some shown in Fig. 1I ) were observed to be protruding outwards from the smooth membrane surface suggested that host membrane might well be supplying an outer coat. Fig. 5 and 6 suggest that perhaps McGavran & Easterday's (1963) conclusion that the nuclear changes found in Rift Valley fever infections are purely degenerative might not necessarily be so. The regularity of the intranuclear rods (Fig. 5 ) and the similarities in size and appearance of the intranuclear fine granules to those found in the fine granulated cytoplasmic inclusion bodies (Fig. 6) suggest not so much a general process of disorganization, as one of organized synthesis. The intranuclear inclusion bodies were reported to be Feulgennegative by McGavran & Easterday (I963) , and this led Lecatsas & Weiss 0968) to propose that the material could be nuclear RNA and probably precursor material for virus cores to be assembled later in the cytoplasm. This would mean that this virus is produced from both nucleus and cytoplasm. Such a mechanism has already been established for the influenza virus by Watson & Coons (1954) .
